In vitro synthesis of alpha-carboxyl-linked folylpolyglutamates by an enzyme preparation from Escherichia coli.
Extracts of Escherichia coli contained an enzymatic activity which catalyzed the addition of L-glutamate to the alpha-carboxyl of various polyglutamate substrates, including folylpolyglutamates. Much of the enzyme activity was separated by DE52 chromatography and gel filtration from the enzyme which adds the first three glutamates in the biosynthesis of folylpolyglutamates, dihydrofolate synthetase-folylpolyglutamate synthetase. The two enzyme activities differed in many properties. Whereas dihydrofolate synthetase-folylpolyglutamate synthetase preferred pteroate or pteroylmonoglutamate substrates, the folylpoly-alpha-glutamate synthetase preparations effectively utilized tetrahydropteroylpolyglutamates, pteroylpolyglutamates, p-aminobenzoylpolyglutamates (pAB(Glu)n), and even a polyglutamate tripeptide. Several di- and triglutamyl peptides were inhibitory to folylpoly-alpha-glutamate synthetase activity, but not to dihydrofolate synthetase-folylpolyglutamate synthetase. Conversely, dihydropteroate noncompetitively inhibits the folylpolyglutamate synthetase reaction of the dihydrofolate synthetase-folylpolyglutamate synthetase protein, but did not inhibit the folylpoly-alpha-glutamate synthetase reaction. Potassium chloride was inhibitory to folylpoly-alpha-glutamate synthetase activity (as were other salts and several polyanions), in contrast to the absolute requirement of dihydrofolate synthetase-folylpolyglutamate synthetase activity for a monovalent cation such as K+. Incubation of a folylpoly-alpha-glutamate synthetase preparation with (6S)-tetrahydropteroyltri(gamma)glutamate generated products which after chemical cleavage to pAB(Glu)n were identical to those from growing E. coli, in high performance liquid chromatography retention times and in pattern of digestion by alpha-COOH bond-specific carboxypeptidase Y. High performance liquid chromatography and mass spectral analysis of the products of the in vitro reactions of folylpoly-alpha-glutamate synthetase with several substrates also demonstrated the addition of glutamate residues via alpha-COOH linkages. Thus, there appear to be two folylpolyglutamate synthetase activities in E. coli, dihydrofolate synthetase-folylpolyglutamate synthetase which adds the first three glutamate residues by gamma-COOH linkages and the folylpoly-alpha-glutamate synthetase activity which extends the folylpolyglutamate chain via gamma-COOH peptide bonds.